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“The use of charcoal (biochar) as a fertilizer is 

not a new thing, though it is only within the 

few last years that agriculturists have taken 

much notice of it.”  



“The use of charcoal (biochar) as a fertilizer is 

not a new thing, though it is only within the 

few last years that agriculturists have taken 

much notice of it.”  

Pennsylvania Farm Journal (1852) 

              Editorial (Haldeman) Page 57 



BIOCHAR FOR SPECIALTY CROPS 

History 

 Biochar use in specialty crops production 

does date back to the start of modern 

science and earlier 

 



BIOCHAR FOR SPECIALTY CROPS 

History 

1. Charcoal for food preservation -    
 

 

 

  

 

 

 

Rideal (1903)  - Produce (apples, pears, 

and lemons) can be kept well for long 

periods packed in charcoal powder 

  

 

Falck (1865) – Improves “ice chests” by 

including charcoal filled walls 



BIOCHAR FOR SPECIALTY CROPS 

History 

2. Charcoal used for disease 

prevention & non-target 

chemical protection 
 

• Skinner (1908) –  

• Peas and lettuce in the presence 

of charcoal 

• Largest increases were in poor 

quality silty clay loam soils (70%) 

• Direct mixing of charcoal in soil did 

not result in significant increases 

 

•Hitz et al. (1953)  

• Used activated charcoal for 

strawberry seedling protection 

from herbicides 

 



BIOCHAR FOR SPECIALTY CROPS 

History   

3. Actions of charcoal linked to sorptive properties 
 

• Turner (1955) 

• Positive impacts linked to sorption of plant “putrids” 

 

• Weatherhead et al. (1978)  

• Plant chemical inhibitors (auxin and cytokinin) sorbed by charcoal 

 

• Marimon et al. (2012) 

• Biochar activation alters plant responses for eggplant 

•  HNO3 activated + cattle manure  Best yield + growth 

•  H2SO4  activated  increased root density (below ground) 

 

 

• Past studies have shown that charcoal can  

 interactions with nitrate, nitrite, and ammonia 

 

 
 

 



BIOCHAR FOR SPECIALTY CROPS 

History 

(John Henry LeFroy, 1883) 

Quote is from a 1833 

report 

 

 

 

  

3. Charcoal was used as fertilizers (manures) 

 

 
 

 

 

 

 

 



BIOCHAR FOR SPECIALTY CROPS 

History 

(John Henry LeFroy, 1883) 

Quote is from a 1833 

report 

 

Application rate 

5000 lb/ac 

(5500 kg/ha) 

 



BIOCHAR FOR SPECIALTY CROPS 

History   

3. Charcoal has been used as fertilizers (manures) 

 

 “The best manures for onions are said to be sea 

weed and charcoal dust.” 
  Fressendeen (1834) – American Farmer Journal  

  

 
 

 

 
 

 

 

 

 

 



BIOCHAR FOR SPECIALTY CROPS 

History 

Robinson (1853) Guano: A Treatise of 

Practical Information for Farmers 



BIOCHAR FOR SPECIALTY CROPS 

History 

However: 

 

 “On stiff clay soils it will produce an increase of 

vegetation, but not sufficient to pay the expense of the 

manure (charcoal).” 

 

     Maryland State Agricultural Society (1822) p. 410  

 



BIOCHAR FOR SPECIALTY CROPS 

Research Data  

  

1.Germination and Seedling Growth 

 

12 biochars x 12 specialty crops x 6 soils 

 

2.Bioaccumulation of PAH Compounds from 

Biochar Amended Soils 

 

 

 

 

 

 



BIOCHAR FOR SPECIALTY CROPS 

Research Data  

  

1. Germination and Seedling Growth 

• Observed spectrum of behaviors – increases, decreases, and no effects 

• Most interesting – Subsequent tests in same soil 

 

Control BC Control BC 

1st cropping 3rd cropping 



BIOCHAR FOR SPECIALTY CROPS 

Research Data  

  

1. Germination and Seedling Growth  

Spinach in 1% biochar (fast pyrolysis macadamia nut shell) 



BIOCHAR FOR SPECIALTY CROPS 

Research Data  

  

1. Germination and Seedling Growth 

Lettuce in 10% (fast pyrolysis hardwood 500 oC) 
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BIOCHAR FOR SPECIALTY CROPS 

Research Data  

  

1. Germination and Seedling Growth 

Lettuce in 10% (fast pyrolysis macadamia nut shell) 
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BIOCHAR FOR SPECIALTY CROPS 

Research Data  

  

1. Germination and Seedling Growth 

Soil Control

Non-Activated Black 
Carbon

Activated Black Carbon
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BIOCHAR FOR SPECIALTY CROPS 

Research Data  

• What are the consistent trends observed ? 

 



BIOCHAR FOR SPECIALTY CROPS 

Research Data  

• What are the consistent trends observed ? 

 

•Organic Matter (Soil C) is increased 

•Usually, statistically significant after 1% (w/w) 
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BIOCHAR FOR SPECIALTY CROPS 

Research Data  

• CEC  

•Variable response observed  

•Both in initial mixing and post-growth sequences 

 

•Majority increases – But there are some decreases observed  

  ~ 30% of soil x biochar combinations 

 

 

Waukegan Silt Loam +Hardwood slow pyrolysis biochar (550 oC) 
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BIOCHAR FOR SPECIALTY CROPS 

Research Data  

• Micronutrients… Occasional reduction in availability post biochar additions 

 

•However, variable response observed – no clear trends  

 

Waukegan Silt Loam +2% Macadamia nut shell fast pyrolysis biochar (500 oC) 
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BIOCHAR FOR SPECIALTY CROPS 

PAH Uptake 

  

2. Some specialty 

crops grown in 

biochar amended 

soils bio-accumulate 

PAH compounds 
 

•Levels are variable 

as a function of soil 

type and biochar 
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Radish grown in 
Morris, MN soil (Barnes loam soil)

Radish grown in
Biochar amended Morris soil (10% w/w)



BIOCHAR FOR SPECIALTY CROPS 

PAH Uptake 

   Field Plots --  
Rosemount, MN 

 

Approx. 1 % w/w 

 

 

 

• Could be 

contaminated 

from rainwater 

splash of BC-soils 

 
 
 

 

 

Lettuce - grown in 1% biochar amended field plots
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BIOCHAR FOR SPECIALTY CROPS 

PAH Uptake 

  

   Specialty crops grown in 

biochar amended soils 

bio-accumulate PAH 

compounds 
 

 

 

 

• Could be 

contaminated 

from rainwater 

splash of BC-soils 

 
 
 

 

 

Lettuce - grown in 1% biochar amended field plots
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BIOCHAR FOR SPECIALTY CROPS 

PAH Uptake 

  

3. Specialty crops 

grown in biochar 

amended soils bio-

accumulate PAH 

compounds 
 

 

 

 
 

 

 

Potatoes - grown in 1% biochar in field plots
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BIOCHAR FOR SPECIALTY CROPS 

PAH Uptake 

  

3. Lack of correlation 

with soil and bio-

accumulated PAH 

amounts 

 

 Agrees with literature 

on the bio-

accumulation of PAH 

compounds in 

contaminated soils. 
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BIOCHAR FOR SPECIALTY CROPS 

PAH Uptake 

Additional research is needed in relation to: 

• Variable bio-availability  

• Weathering effects ? 

• Wood ash has been observed to be a slow release source 

of PAH compounds – but the time is unknown 

 



•Differences observed in the response 
to specialty crops  

>> Function of both biochar and soil 

•Results to date agree with literature on 
plants grown in PAH contaminated soils 

> No direct correlation between soil and 
plant concentrations 

Conclusions 
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